Many Engineering Technology students at Penn State Erie -The Behrend College tend to struggle with some of the basic concepts in courses in fluid and thermal sciences. According to much of the research it is helpful to have something visual to reinforce classroom lectures. Typically there are separate lab components to these courses with attempt to reinforce the class work, but they do not always address the core concepts that the students are struggling with.
A project is underway at Penn State Erie to develop a group of simple exercises for use in a classroom setting which bridge the gap between traditional lectures and the accompanying laboratory experiences. They are intended to last the length of a lecture period, and will not just demonstrate but also help teach the core principle involved. They will use a guided inquiry approach to challenge student misconceptions, and to promote deeper understanding through qualitative reasoning.
Currently the project is in the early stages. Initially there will be eight exercises which will be used in four different courses -MET courses in Thermodynamics, Heat Transfer and Fluid Power, and Fluid and Thermal Sciences for Electrical Engineering Technology. This initial group of eight will address basic concepts related to the first law of thermodynamics for closed systems (2 exercises), first law of thermodynamics for open systems, fins, fan sizing, pressure in a fluid column, viscosity and Bernoulli equation. They are currently in different phases of development. Half of them (first law for closed systems, first law for open systems, fan sizing and pressure in a fluid column) have some hardware already built and tested, and are waiting for procedures to be written followed by classroom trial. The others are in the concept and hardware design stages. The plan is to have all eight ready for fall of 2016. This paper addresses several aspects of the project. First, the guided inquiry approach in general is discussed. Then, our plan of how to apply this approach in a classroom setting is laid out with some discussion of lessons learned from using similar but longer exercises in a lab setting. Finally, we give examples of the type of hardware that will be used and the type of worksheets that could be used in concert with the hardware.
Introduction:
This paper reports on the status of work being done to develop classroom exercises to help students better understand certain important concepts in the fluid and thermal sciences. The initial stage of this development consists of eight exercises that were identified by the authors as difficult concepts for the mechanical engineering technology students at Penn State Erie -The Behrend College in thermodynamics, heat transfer and fluid power. Some of these exercises have a basis in a previous project by Gerald Recktenwald and Robert Edwards (Engineering of Everyday Things (EET)) 1 which had a focus on laboratory exercises. Since these are for use in a classroom, the existing exercises needed to be scaled back in both size and duration. Others are new to this project. The overall project is in the early stages. Some of the exercises are well developed with only a few changes needed. Hardware is available for some of them. Others are in the concept stage need to be fully developed.
The eight exercises are briefly described below. Four of them have been modified from the previous EET project. Those include the first law of thermodynamics for a closed system, the first law of thermodynamics for an open system, fan selection and hydrostatic pressure due to a column of fluid. The other four are new. Those include a basic exercise for the first law of thermodynamics for a closed system, temperature distribution in a fin, Bernoulli equation and viscosity.
Felder and others have noted that learning individual learning styles need to be recognized when developing educational materials 2, 3, 4 . The "hands-on" active learning exercises being developed by the authors should be beneficial to students with concrete learning styles. In fact, in general Crouch, et al 5 has shown that having students make a written commitment to their thoughts is a more effective teaching tool than just having them watch a demonstration. The target audience for these exercises is mechanical engineering technology students taking a fluid and thermal science related course. Some of them will also be use with electrical engineering technology students taking a required, one semester course in fluid and thermal sciences. Technology students tend to have concrete learning styles, so an active approach should be appropriate for those students.
The exercises described in this paper are intended to go beyond simple in-class demonstrations. We intend to use a guided inquiry approach in the design of the exercises. In this method the students must be actively involved in the learning experience. These will not be simple demonstrations, but will require students to do several things. In general, they will be asked to complete a pre-exercise worksheet which will require them to make predictions about outcomes based on their past experiences, pre-conceived notions and possible previous coursework. As the exercise is taking place the students should be involved in an active discussion about what they are seeing, and why things are happening as they are. Finally they will be asked to complete a post-exercise worksheet which will contain many of the same questions that were on the preexercise worksheet. Additional questions will be asked to judge if they can transfer the outcomes of the exercise to other situations.
Development Plan and Challenges:
The current plans calls for some of them to be ready to try during the 2016-2017 school year, with the balance complete the following year. The exercises that have been borrowed from the EET project are the closest to being ready. Each exercise has three primary areas that need to be addressed:
 Clarifying the important concept represented by each one, and what needs to be presented to the students to help them to understand that concept.  Hardware design and manufacture.  Creation of the pre and post exercise worksheets.
From previous experience with the EET project, the hardware portion is the easy part. Identifying the concept and creating appropriate worksheets is the difficult part, and will probably take several iterations. It is important that the worksheets are clear and enhance the students learning instead of causing confusion. Poor worksheet design can easily result in the students spending more time trying to figure out what is being asked than in actually thinking about the concept.
One of the key features of the worksheets will be one or more questions to determine if the students can transfer the knowledge they should be gaining from the exercises to other situations which do not necessarily look like the exercise. This transfer of knowledge will be further examined on regular test at a different time to help determine if the exercise had any positive effect on the students' learning.
Overview of the Proposed Exercises:
There are eight exercises that are currently being developed by the authors. These are in various stages of development ranging from close to being implemented down to the concept stage. This section gives a brief description of the exercises, the concept that the exercise focuses on and the current state of development.
1. Coffee Urn: The purpose of this exercise is to build interest in the students for the first law of thermodynamics for a closed system. It is currently in the concept stage. The exercise gives the students an easy to understand, real life application for the theory they have learned in class. They should be able to identify the thermodynamic system and the energy interactions with the surroundings. Water will be placed in the urn, and the temperature will be monitored using a LabView VI and displayed for the class to see. The electric work in will be measured with a simple wattmeter. The students will compare the electric work in to the change in internal energy of the water to see if the process obeys the first law equation. They should be able to identify that any significant difference might be attributed to heat transfer which was not considered in their calculations. A possible extension to the exercise would be to try to include heat transfer calculations, but this is intended for a thermodynamics class with no background in these types of calculations.
2. Blender: This is one of the exercises which is being adopted from the EET project, and the classroom version is very close to being complete. The purpose of this exercise is to build on the coffee urn exercises to help students understand the first law of thermodynamics for a closed system. After completing this exercise the students should be able to identify and qualitatively describe the relationship between terms in the first law equation. By gaining a qualitative understanding of the relationships the students are asked to predict changes in various system parameters when changes are made to others. The parameters that are addressed by this exercise are the mass of the water in the blender, the blender speed (which affects the power in) and the water temperature. Another interesting aspect of using a blender is that the selection of a system for analysis becomes much more complex than one would think. This provides an opportunity to discuss this important topic with the students. A schematic of the exercise set-up is shown in Figure below . A more detailed description of this exercise is given later in this paper. The goal of the hair dryer exercise is to help teach a qualitative relationship between mass flow rate and the temperatures of fluids crossing the boundary of an open thermodynamic system. This is the most developed of these exercises since a version of it was incorporated in both the lab and classroom as part of the EET project. There are two versions for classroom use, and part of this project will be to determine which should be put into general use. A schematic of the exercise set-up is shown in Figure 2 below. It is an important skill that engineering students should learn, but is often not covered in any course. At Penn State Erie it is introduced early in the heat transfer course for both mechanical engineering technology and electrical engineering technology students. The sizing of a fan is not intuitive for students, or for anyone else who has not had some background in the subject. This exercise is designed to demonstrate that tabulated catalog information for a fan cannot be used for making a proper selection. Hopefully it will increase the students' interest in the accompanying lecture. The exercise is at an intermediate stage of development. The hardware has been built, and a LabView VI is available for measuring and displaying the flow velocity. A picture of the hardware is shown in Figure 3 below, and a schematic of the set-up is shown in Figure 4 . Student worksheets need to be developed. The purpose of this exercise is to help students gain a better understanding of heat transfer in fins. This is currently in the concept stage. The idea is to develop either an individual fin or a fin array (perhaps both) which is heated from one end. Thermocouples will be mounted along the fin (or the center fin in the case of an array). Students will be asked to predict the temperatures using theoretical methods. The heater will be turned on, and the temperatures will be monitored. Once steady state is reached the temperatures are recorded and compared to the predictions. One discussion item might be to discuss whether the distribution is linear or not and why. Neither the hardware nor the worksheets have been developed yet. The hardware appears to be quite straightforward, but a considerable amount of work needs to go into developing meaningful worksheets which go beyond just the simple demonstration above. We plan to incorporate worksheet items that help to stimulate student thinking about the topic.
6. Pressure at a Depth of Fluid: This exercise deals with the hydrostatic equation. This is another exercise which has been borrowed from the EET project, but significantly scaled down for use in a classroom. The hardware consists of two clear vertical plastic tanks. One of them has a constant cross-section and the other has a change in cross-section about halfway down. The lab version has been documented in a previous ASEE paper 6 . The classroom version is expected to be similar, but shorter.
The tanks for the lab version which are approximately 3' tall are shown on the left. Each tank has a means of measuring the fluid depth, and at the bottom of each one is a pressure transducer to indicate the pressure caused by the fluid. The pressure signal is sent to a LabView VI and displayed on a monitor. The tanks shown at the left are too large for a classroom version. New, smaller tanks need to be built, and the worksheets need to be developed. 
Bernoulli Equation:
This exercise is designed to demonstrate certain effects of the Bernoulli equation that students have had a difficult time understanding. We have currently identified two particular points to try to build into the test. The first one is easy to demonstrate -why does the pressure measured in a line drop when flow starts? The current idea for this is to have a tank of water with a small pipe attached at the bottom. A shut-off valve is present to keep the water from flowing out. A pressure transducer is attached upstream from the valve, and will indicate the total static pressure before the water starts to flow. When the valve is opened the static pressure will drop quickly, then it will slowly continue to drop as the water level in the tank falls. All of this will be qualitatively related to the Bernoulli equation to enhance understanding. The second concept is that the pressure at the exit is zero. This one is a little more difficult to demonstrate, and we are still brain storming how to do this with the same apparatus. This exercise is in the beginning stages of development. No hardware or worksheets are available yet.
8. Viscosity: The viscosity of a fluid is important in both fluid mechanics and heat transfer. In technology classes it is often presented as another property of the fluid without any theoretical background. The purpose of this exercise is to demonstrate this property in water.
The exercise is currently in the concept stage, and no hardware has been designed yet. In class worksheets also need to be developed. Figure 6 is a schematic of the current idea for an apparatus. A cylinder is filled with water, and a hollow cylinder which, is mounted in such a way as to allow it to rotate in the water, is attached to the cylinder. As the hollow cylinder is rotated the students will see little effect at low speeds. As the speed increases the water inside the cylinder will also start to rotate. A CFD simulation was performed to show that this concept should work. Preliminary results are shown in figure 7. Significant work still needs to be done to turn this concept into a meaningful classroom experience. The purpose of this exercise is to build on the coffee urn exercises to help students understand the first law of thermodynamics for a closed system. The primary focus of this exercise is to have the students think about relationships between important parameters. This is done through qualitative reasoning using ratios and reasonable assumptions. Students are not particularly comfortable making assumptions, so learning this qualitative technique is a nice side effect of doing this exercise.
Writing the first law of thermodynamics we get:
If we run a second experiment by changing one of the parameters (work in, mass or fluid), then setting up a ratio of the first law expressions we get:
A reasonable assumption would be that the heat transfer rate would be negligible or similar for both instances and could be cancelled out of the equation. What is left is mass, work in and specific heat (which is related to the fluid being used). By rearranging terms in the ratio above the students should be able to predict qualitative changes to various parameters based on a change in one of them.
The heat transfer term is addressed in the discussion of the exercise. For example, would it affect the results if you started with hot water versus cold water. Hot water for example would cause a higher rate of heat transfer to the surrounding blender container causing further rise in temperature to proceed at a slower rate. Another heat transfer issue might come a discussion of whether the water will ever boil, and what might stop that from happening.
This exercise also addresses the selection of a thermodynamic system for analysis. Since it is a simple blender it would appear that the system selection would also be simple, but it turns out that there are several choices, and each one has its' own set of positive and negative aspects. Figure 8 below shows some of the factors involved in the selection of a system boundary. This can lead to a discussion of the practical side of boundary selection instead of the given boundaries in typical textbook problems. This paper is the beginning of the process to develop and implement these classroom exercises into courses, and to evaluate the results. While hardware development is essential, the key to improving learning is through a careful, well thought out development of the worksheets. They need to focus on the core concepts being taught. It will probably take a few iterations to get each one right. Over the next year we will be working to finalize the four exercises that are close to being ready, and to develop, build and test the hardware for the remaining four. We will test several of them in classroom settings over the year, and use feedback to revise those as well as develop the other worksheets.
